We have developed a facile method for preparation of ionic copolypeptide vesicles that requires no protecting groups or expensive components. We prepared amphiphilic copolypeptides containing segments of water soluble methionine sulfonium residues that were derived from a fully hydrophobic precursor diblock copolypeptide, poly(L-methionine) 65 
then be extruded to nanoscale diameters. While the cationic M M based vesicles were found to be cytotoxic, the zwitterionic M C based vesicles were found to possess minimal cytotoxicity.
Introduction
Polymeric nanocarriers show great promise for delivery of therapeutics and encapsulation of cargos. For successful translation to applications, it is critical that these carriers incorporate many levels of functionality, such as cellular uptake or triggered disruption, which often requires use of complex chemistries and designs. [1] Synthetic carriers prepared solely from natural components that are resorbable and biocompatible are desirable, yet preparation of such materials can be challenging. [2] Here, we developed a method to prepare nanoscale vesicles composed of block copolypeptides using simple and economical chemistry based on the efficient, chemoselective, and broad scope alkylation of methionine residues. [3] This chemistry allows nanocarriers to be prepared from inexpensive natural amino acids, and also provides a means for introduction of a wide range of useful chemical functionalities. This ability to simultaneously create amphiphilic block copolypeptides and add functionality to the resulting materials in a single, efficient step provides a useful method to create well-defined assemblies with multiple combinations of properties in a straightforward manner.
Block copolypeptide vesicles are promising nanocarriers possessing attractive features of biodegradability, tunable size and stability, and ability to incorporate the functionality of proteins. [2, 4] Our lab and others have previously reported vesicles composed of a variety of amphiphilic block copolypeptides possessing a variety of properties. [5] However, many of these materials required sophisticated syntheses, including multistep monomer synthesis, use of protecting groups, or expensive components. [5] Our lab has recently been interested in streamlining the preparation of functional block copolypeptides by developing scalable synthetic methods for preparation of these materials. [3, 6] We recently reported the preparation of enzyme responsive copolypeptide vesicles incorporating non-toxic, water soluble methionine sulfoxide, M O , segments where enzymatic reduction of M O residues caused changes in chain conformations and solubility that resulted in vesicle rupture and release of encapsulated cargos. [7] These materials utilized cell compatible and degradable components and were found to be excellent substrates for ubiquitous intracellular reductase enzymes, providing a potential means for intracellular cargo release. Most importantly, these materials were prepared in a simple and efficient process that required use of no protecting groups and utilized inexpensive amino acid building blocks, which was achieved by taking advantage of the unique chemistry of methionine, M, residues.
Here, we sought to further explore the utility of M chemistry for synthesis of functional copolypeptide materials through the chemical alkylation of M residues. Our lab recently reported the use of M alkylation as a facile means to reversibly or irreversibly introduce useful functionality and chemically reactive groups onto polypeptides. [3, 8] This work originated from pioneering studies of M alkylation in proteins, which were mainly focused on use of nonfunctional alkylating reagents to probe inhibition of enzyme active sites. [9] [10] [11] We have found that M residues can undergo chemoselective, broad scope, highly efficient alkylation reactions in homo-and copolypeptides yielding stable sulfonium derivatives. These "M click" functionalizations are compatible with deprotection of other functional groups, use an inexpensive, natural amino acid, and allow the introduction of a diverse range of functional and reactive groups onto polypeptides. [3, 8] Here, we have demonstrated the utility of M alkylation chemistry for the facile preparation of model amphiphilic block copolypeptides that can form vesicle assemblies in water (Scheme 1).
Scheme 1
Schematic showing structure, chemical functionalization, and proposed self- 
Experimental
Materials and general procedures. Anhydrous tetrahydrofuran (THF), hexane and diethyl ether were prepared by passage through alumina columns, and oxygen was removed by purging with nitrogen prior to use. Synthesis. All α-amino acid-N-carboxyanhydride (NCA) monomers were synthesized using previously described protocols. L-Phenylalanine and L-leucine NCAs were synthesized by phosgenation and purified by recrystallization. [12, 13] L-Methionine NCA was prepared by phosgenation and purified by anhydrous column chromatography. [6] α-Methoxy-ω- , Nanocs) with phosgene in THF for 16 h. [6] All block copolypeptides were synthesized using (PMe 3 ) 4 Co initiator, [14] and the synthesis of M 65 (L 0.5 /F 0.5 ) 20 has been previously described. Since it has been shown that end-capping is quantitative for (PMe 3 ) 4 Co initiated NCA polymerizations when excess isocyanate is used, [15] integrations of methionine resonances versus the polyethylene glycol resonance at δ 3.64 could be used to obtain the M segment length. [6] The average composition of the copolymer was then determined by conjugated to thioether groups of methionine side chains via an alkylation reaction. [7] M 65 (L 0.5 /F 0.5 ) 20 (10 mg) was dissolved in DMF (1 mL) in a 20 mL scintillation vial. 5-(iodoacetamido)fluorescein was dissolved in DMF (10 mg/mL) and added to the 1 % (w/v) copolypeptide suspension at a 5:1 molar ratio of fluorescent probe to copolypeptide chain (i.e. 5
probes per every 65 M residues). The alkylation was allowed to proceed for 16 h in the dark, followed by evaporation of the DMF under vacuum. After fluorescein modification, the remaining methionine residues were then alkylated to methionine sulfoniums as described above. 
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Results and Discussion
Katchalski was the first to alkylate poly(L-methionine), preparing both methyl and carboxymethyl sulfonium derivatives from the corresponding alkyl bromides and poly(Lmethionine) in neat formic acid. As oppposed to α-helical, hydrophobic poly(L-methionine), these polysulfoniums were found to be stable, water soluble, and were studied for their conformational and polyelectrolyte behavior. [16] Despite these promising early results, M alkylation has not been previously used with block copolypeptides. Here, we sought to use this versatile chemistry as a means to prepare ionic amphiphilic block copolypeptides in a simple, economical process, and to demonstrate its utility as a potential means to prepare functional polypeptide based assemblies.
While other synthetic peptide based assemblies require that biofunctional groups (e.g. peptides, functional side chains) either be protected during synthesis or conjugated to a material postpolymerization, [5] alkylated M containing amphiphilic copolypeptides were readily prepared by Table S1 ). [7] The segment lengths were based on those previously found to promote vesicle formation using other amino acids, i.e .an approximately 3:1 ratio of hydrophilic to hydrophobic segment lengths, [5, 12, 13] and phenylalanine was incorporated within the rod-like, permanently hydrophobic leucine segment to enhance membrane flexibility. [17] Subsequent alkylation of this hydrophobic precursor in water, . In addition, due to its use in animal feeds, more methionine is produced chemically than any other amino acid, [18] which lowers its cost and makes this route a very economical process for synthesis of ionic amphiphilic copolypeptides. followed by dialysis gave polydisperse, unilamellar vesicles with average diameters of a few microns, [5, 12] as determined by optical microscopy and laser scanning confocal microscopy (LSCM) (Figure 1a-d) . These structures are consistent with results obtained for many other block copolypeptide amphiphiles of similar block composition, [5, 12] validating the chosen sequence design. Similar to previous work, [5, 12] these new vesicles were found to be capable of encapsulating polar cargos, such as Texas Red labeled dextran (M n = 3000 Da) (Figure 1e ). For applications where nanoscale diameters are required, the vesicles can also be reduced in size by extrusion through polycarbonate filters to give nanoscale vesicles with average diameters of ca.
100 to 150 nm as determined by TEM, and dynamic light scattering (DLS) (Figure 1f , see SI, Table S2 ). Overall, these alkylated M segments were found to serve as excellent hydrophilic domains for preparation of stable, ionic copolypeptide vesicles of controllable size. vesicles were found to be toxic to HeLa cells in a concentration dependent manner (Figure 3 ), similar to results obtained with other cationic copolypeptide vesicles. [12, 13] These results show that the cationic sulfonium groups introduced via M alkylation can lead to cytotoxicty in resulting materials. However, extruded zwitterionic M C 65 (L 0.5 /F 0.5 ) 20 vesicles were found to be non-toxic to HeLa cells at concentrations up to 100 µg/mL (Figure 3) , similar to properties observed with other zwitterionic polymer systems. [19] These results show that although potentially toxic cationic sulfonium groups are introduced via M alkylation, these effects can be eliminated by simultaneous introduction of charge neutralizing functionality, as in the case of carboxymethylation. 
Conclusions
Here we have shown that use of M segments in block copolypeptides imparts these materials with the ability to be readily converted via alkylation into amphiphilic copolymers capable of self-assembly into ordered structures. The copolypeptides can also be functionalized by addition of a variety of different groups during the alkylation reactions, as has been previously described. [3] In particular, we have shown in proof of concept studies that either cationic or zwitterionic copolypeptide vesicles can be prepared from a common precursor, and the resulting materials possess substantially different in vitro cytotoxicty toward HeLa cells. The economical synthesis and tunable properties of alkylated M containing block copolypeptides make these materials attractive for many synthetic material challenges. 
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